Abstract
Introduction
The organometallic chemistry of Ti(IV) is dominated by complexes with ancillary cyclopentadienyl (Cp) ligands [1] . More recently, there has been considerable interest in the use of alternative ligands either with or in place of the Cp moieties. Replacement of one of the Cp rings in dicyclopentadienyl derivatives by a less electron donating and less sterically demanding anionic ligand of the same charge allows the investigation of its influence on the chemical reactivity and catalytic activity of the metal center.
In particular, the use of nitrogen based donors is receiving considerable attention for both synthetic and catalytic purposes. In addition to the amido chemistry [2] , research effort has been devoted to the synthesis of pendant nitrogen functionalized Cp complexes and constrained geometry derivatives of Group 4 metals [3, 4] .
As part of our current research, we were interested in the synthesis of 12-and 14-electron Cp Group 4 metal complexes in order to compare their reactivity with the analogous 16-electron dicyclopentadienyl derivatives. We herein report the synthesis and characterization of a number of monocyclopentadienyl titanium complexes with a second ancillary ligand in their coordination environment in which the new ligand can be either linked or unlinked to the Cp group. The starting material for our investigations was [Ti(p 5 -C 5 H 4 SiMe 2 Cl)Cl 3 ], 1 [5] which has two reactive Ti-Cl and Si-Cl bonds. 2 }Cl 2 ] 2 as red crystals in ca. 50% isolated yield. Complex 2 is scarcely soluble in hexane and diethyl ether, soluble in hot toluene and very soluble in THF and chlorinated solvents. Compound 2 is moisture sensitive and decomposes slowly both in solution and in the solid state with elimination of SiMe 3 Cl to give unidentified products.
Results and discussion

Synthesis and NMR characterization
Reaction of complex 1 with four equivalents of LiNMe 2 in diethyl ether at room temperature (r.t.) followed by extraction into hexane afforded the tetraamido derivative [Ti(p 5 -C 5 H 4 SiMe 2 NMe 2 )(NMe 2 ) 3 ] 3 in high yield as a yellow oil. Using a reported method [6, 7] , reaction of complex 3 with excess of SiMe 3 X (X = Cl or Br) resulted in the replacement of only two of the titanium-bonded amido groups by halogen giving the dihalo derivatives Ti(p 5 -C 5 H 4 SiMe 2 NMe 2 )(NMe 2 ) X 2 ] (X= Cl 4 or Br 5) in good yields with elimination of two equivalents of volatile SiMe 3 (NMe 2 ). Compounds 3-5 are air-and moisture-sensitive but thermally stable. Whilst the oily complex 3 is very soluble in hexane or pentane, the reddish derivatives 4 and 5 are insoluble in hydrocarbon solvents but soluble in toluene and more soluble in THF and chlorinated solvents. Attempts to react compound 1 with one, two or three equivalents of LiNMe 2 led to mixtures of complexes formed by unselective partial substitution of Ti -Cl and Si-Cl bonds.
The NMR data and analytical composition of complexes 2-5 (see Section 4) are consistent with the structures shown in Scheme 1.
The 1 H-NMR spectra of compounds 2-5 show the expected AA%BB% spin system for the four ring protons. The methyl resonances of the Ti-NMe 2 group are shifted down field in relation to the methyl signal due to the silicon-bound amido group. In addition, the chemical shift of the Si-NMe 2 protons is slightly affected by the metal substituents. The assignment of the 13 C-NMR spectra for these compounds is also straightforward and consistent with the presence of three different types of ring carbon atoms. The ipso-carbon atom signal, when observed, appears at lower field than the other two resonances.
Reactions Pr-C 6 H 3 8 in 90 and 20% yield, respectively), after standard work-up. A slightly better yield (41%) was obtained for compound 6 using the lithium amide Li(NHPh) in the presence of one equivalent of NEt 3 . All attempts to prepare the related 2,6-diiso-propylphenyl derivative failed under these conditions. Complexes 6-8 are thermally stable in C 6 D 6 after 24 h at 120°C, but extremely oxygen and moisture sensitive. It is worth noting that compound 6 is the most moisture sensitive; the steric hindrance afforded by the bulkier 2,6-dimethylphenyl or 2-methyl-6-iso-propylphenyl substituents probably impedes the decomposition of 7 and 8. Compounds 6 -8 were scarcely soluble in hexane, soluble in toluene and very soluble in THF and chlorinated solvents. The larger branched aryl ligands give greater solubility than the unsubstituted aryl ligand.
The structures proposed for the new complexes 6-8 are shown in Scheme 2 and their spectroscopic and analytical data are collected in Section 4.
The 1 H-NMR spectra of complexes 6 and 7 show the expected AA%BB% spin system for the C 5 H 4 ring protons and one singlet for the SiMe 2 group. The presence of a plane of symmetry is also consistent with the chemical shifts observed for the freely rotating aryl amido substituents (C 6 H 5 and 2,6-Me 2 C 6 H 3 ). This behavior is confirmed by their 13 C-NMR spectra. However, the 1 Hand 13 C-NMR spectra of complex 8 are indicative of the asymmetric structure imposed by the two different aryl substituents which make all the Cp proton and carbon atoms chemically nonequivalent. The 1 H-NMR spectrum shows an ABCD coupling pattern for the ring protons and five resonances for the corresponding carbon atoms are observed in the 13 C-NMR spectrum. The asymmetry is also observed in the presence of a set of doublets (J 2 HH = 6.6 Hz) due to the two different methyl carbon atoms are observed in their 13 C-NMR spectra. However, complex 12 shows an ABCD spin system in the 1 H-NMR spectrum and five carbon resonances in the 13 C-NMR spectrum. Crystals of 7 suitable for X-ray diffraction were obtained by slow cooling of its THF solution. The molecular structure of 7 is shown in Fig. 1 and selected bond lengths and angles are listed in Table 1 .
The titanium atom is in a pseudo-tetrahedral environment defined by one silylamido |-N coordinated Cp ligand and two chloro ligands. The amido nitrogen is planar (the sum of bond angles around N atom is 360°) with sp 2 hybridization. The Ti-N-C 8 angle is 121.0 (2)°, which is smaller than that observed for the complex [Ti{p 5 [11] . The Ti-N distance (1.914(3) Å ) is consistent with a y-bonding contribution from an interaction between the nitrogroups for the iso-propyl fragment, along with the presence of two resonances for the SiMe 2 group. In common with ansa-metallocene derivatives with bridging -SiMe 2 -groups [8] and other similar compounds [9, 10] , the ring C ipso resonance for compounds 6-8 appears at higher field than those of the other carbon atoms, consistent with the dimethylsilyldicyclopentadienyl and amidosilylcyclopentadienyl ligands being in a chelate coordination mode with the metal center.
Reactions 2 ] which decomposes in a few hours at r.t. [11] . The structures proposed for the new complexes 9-13 are shown in Scheme 3 and their spectroscopic and analytical data are collected in Section 4.
The 1 H-NMR spectra of complexes 9 -11 and 13 show the expected AA%BB% spin system for the Cp ring protons and three resonances for the corresponding Scheme 3. [15] . An examination of the structural parameters associated with the Cp ring indicates a significant y-bonding contribution from an p 3 -allyl-p 2 -olefin resonance structure of the normal p 5 -coordination mode. The C 3 -C 4 bond distance of 1.389(6) Å is slightly shorter than the remaining C-C bonds within the ring. Furthermore, the Ti-C 3 and Ti-C 4 bond distances are slightly longer than the rest. This contribution, probably determined by the dimethylsilyl bridge, has also been observed in the ansa-metallocene derivative [Ti{(C 5 H 4 ) 2 . The Ti -N bond distance found in compound 7 is longer and therefore the y-bonding contribution smaller than Table 1 Selected bond lengths (Å ) and angles (°) for complex 7
Experimental section
General considerations
All manipulations were performed under argon using Schlenk and high-vacuum line techniques or a glovebox model HE-63 or MBraun. Solvents were purified by distillation under argon from an appropriate drying agent (sodium for toluene, sodium -potassium alloy for hexane and sodium -benzophenone for diethyl ether). The lithium benzamidinate salt was prepared by a known procedure [18] A sample of LiNMe 2 (0.34 g, 6.70 mmol) was added to a diethyl ether solution (40 ml) of 1 (0.50 g, 1.60 mmol) at −78°C. After warming to r.t., the reaction mixture was stirred for 12 h. The volatiles were removed under reduced pressure and the residue was extracted into hexane (40 ml). After filtration, solvent was removed under vacuum to give 3 as an analytically pure yellow-green oil (0.44 g, 80% yield). Anal. Calc. for C 15 In a similar way, SiMe 3 Br (0.4 ml, 3.0 mmol) was added to a solution of 3 (0.20 g, 0.58 mmol) in THF at −70°C. The mixture was warmed to r.t. and then stirred for 2 h. The volatiles were removed in vacuo giving 5 as a red dark solid (0.18 g, 76% yield). Recrystallization from toluene at − 40°C afforded red microcrystals suitable for analysis. Anal. Calc. for C 12 Samples of H 2 NPh (0.15 ml, 1.6 mmol) and NEt 3 (0.44 ml, 3.2 mmol) were added to a cooled solution (− 60°C) of Ti(p 5 -C 5 H 4 SiMe 2 Cl)Cl 3 , 1 (0.50 g, 1.6 mmol) in toluene (50 ml). The reaction mixture was slowly warmed to r.t. and stirred for 10 h, giving an orange solution with a white residue. After filtration, the solution was concentrated and cooled to − 30°C to give orange crystals. Concentration of the mother liquor (10 ml) and subsequent cooling to − 30°C gave a second crop of product which was characterized as 6. (0.16 g, 30% yield) . Anal. Calc. for C 13 (7) (2.0 g, 5.5 mmol) in diethylether (100 ml) and the reaction mixture was stirred at r.t. for 12 h in the glovebox. After the solvent was completely removed under vacuum, the green solid was extracted into hexane (100 ml) and the solution filtered. The solution was concentrated and cooled to −40°C to give yellow green crystals of 9 (1.21 g, 69%). Anal. Calc. for. 
Synthesis of
A solution of Mg(CH 2 Ph) 2 . 2THF (0.97 g, 2.77 mmol) in diethyl ether (15 ml) was added to another solution of 7 (1.0 g, 2.77 mmol) in diethylether (50 ml) and the reaction mixture was stirred at r.t. for 12 h in the glovebox. After the solvent was completely removed under vacuum, the red solid was extracted into hexane (100 ml) and the solution filtered. The solution was concentrated and cooled to − 40°C to give complex 10 (0.85 g, 65%) as red crystals. Anal. Calc. for C 29 (11) A solution of LiCH 2 SiMe 3 (0.27 g, 2.94 mmol) in diethylether (15 ml) was added to a solution of 7 (0.5 g, 1.4 mmol) in diethylether (40 ml) and the reaction was stirred at r.t. for 12 h in the glovebox. After the solvent was completely removed under vacuum, the product was extracted with hexane (50 ml) and the solution filtered. The solution was concentrated and cooled to −40°C to afford the complex 11 (0.35 g, 59%) as dark green solid. 
X-ray structure determination of 7
A yellow crystal of compound 7 crystallized from THF was mounted in a glass capillary in a random orientation on an Enraf-Nonius Cad4 four-circle automatic diffractometer with graphite-monochromated Mo-K h radiation (u= 0.7073 Å ). Crystallographic and experimental details of 7 are summarized in Table 2 . Data were collected at r.t. Intensities were corrected for Lorentz and polarization effects in the usual manner. No absorption or extinction corrections were made. Intensity measurements were performed by − 2q scans in the range 4B 2qB 50°. The structure was solved by direct methods (SHELXS-90) [19] and refined by least-squares against F 2 (SHELXL-93) [20] . Of the 3122 measured reflections, 2984 were independent; R 1 =0.042 and wR 2 )/3 and | was obtained from counting statistics. All non-hydrogen atoms were refined anisotropically, and the hydrogen atoms were introduced in the last cycle of refinement from geometrical calculations and refined using a riding model with thermal parameters fixed at U = 0.08 Å 2 .
Supplementary material available
The supplementary material includes a list of the positional parameters and their standard deviations, a complete list of bond lengths and angles, anisotropic displacement parameters, the calculated fractional coordinates of the hydrogen atoms and a list of observed and calculated structure factors. This is available on request from the authors.
